INTRODUCTION
The plant cell wall varies in composition and architecture in accordance with developmental stages of different cell types and in response to environmental factors and stresses. To date, much information has been accumulated about the deposition of specific cell wall components with relation to special functions. For example, some cell walls deposit lignin, which serves to harden and stiffen the walls; the epidermal cell walls are impregnated with waxes, which serve to prevent water loss and to provide a mechanical barrier to bacteria, fungi, and insects; the casparian strips in root endodermis cell walls are the result of impregnation with suberin, which forces all substances entering and leaving the vascular cylinder to enter the protoplasts of the endodermic cells (Varner and Lin, 1989) .
With the isolation and characterization of Severa1 cell wall structural proteins, much attention has been paid to the tissue-specific expression and functions of these nove1 proteins. To date, three cell wall structural proteins, i.e., hydroxyproline-rich glycoproteins (HRGPs), proline-rich proteins (PRPs), and glycine-rich proteins (GRPs), have been characterized (Cassab and Varner, 1988) . AI1 of these structural proteins exist in multigene families. The best characterized HRGP is extensin, which has been proposed ' To whorn correspondence should be addressed to be the major cell wall protein component and to play a role in cell wall architecture (Lamport, 1980) . Cassab and Varner (1 987) demonstrated that extensin in soybean seeds is primarily localized in two of the externa1 layers of the soybean seed coat, palisade epidermal and hourglass cells, which belong to the sclerenchyma tissues that act as support elements of the plant body. In carrot root phloem parenchyma walls, extensin was found to be abundant (Stafstrom and Staehelin, 1988) , whereas within healthy tomato root tissue, HRGPs are only minor components of cell walls (Benhamou et al., 1990) . The promoter element of tobacco HRGPnt3 confers specific expression in lateral root initiation (Keller and Lamb, 1989) . Three PRP genes have been characterized in soybean, and all of them show developmental regulation in different soybean organs (Hong et al., 1989) . Keller et al. (1989b) reported that bean GRP1.8 is exclusively localized in tracheary elements of the protoxylem. In sum, the data indicate that these cell wall structural proteins are not equally abundant in all cell types. Their abundance varies from plant to plant and from one cell type or tissue to another, presumably in accord with the different functions of different cell types and tissues.
In this paper, we show that HRGPs and GRPs are expressed in a developmental and tissue-specific manner.
HRGPs are highly expressed in the cambium cells of the soybean stem. HRGPs are also expressed in those parenchyma cells surrounding the primary xylem and in a few layers of cortex cells adjacent to the primary phloem that are under physical tension or compression. GRPs are localized in all lignified cells-primary xylem, secondary xylem, and primary phloem-of which protoxylem cells pattern of HRGPs indicates no correlation between HRGP synthesis and cessation of wall elongation.
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RESULTS

Temporal and Spatial Gene Expression of HRGPs and GRPs
Since 1960, HRGPs have been considered to be major structural proteins of primary cell walls (Wilson and Fry, 1986) , but little is known about the temporal and spatial expression of the genes for these proteins. For the GRPs, with the exception of the bean GRPI .8, which is localized in protoxylem (Keller et al., 1989b) , we know little about the distribution of GRPs in other tissues. We have used tissue print RNA blots to study temporal and spatial gene expression of HRGPs and GRPs in developing soybean stems by using 35S-labeled antisense RNA probes.
Different internodes from the top to the bottom of the same soybean seedling are in different developmental stages. Cross-sections of different internodes of the same plant were printed on the same membrane for mRNA localization. When freshly cut sections are pressed on the membrane, soluble cellular materials including mRNA are transferred onto it. Then mRNA can be localized semiquantitatively. As seen in Figure 1 , in the first internode under the shoot tip, HRGPs are heavily expressed in the cambium region and in the epidermis region, whereas GRPs are highly expressed in the primary xylem cells. In the second internode, HRGP mRNAs are still found in the cambium and in a few layers of cortex cells surrounding the primary phloem and also in those parenchyma cells around protoxylem cells, but not in epidermal regions. GRP mRNAs are found in all primary xylem bundles, but bigger primary xylem bundles show much stronger signals (arrow in Figures 1 F and 1 D) . At this stage, the primary phloem cell walls are not lignified (no staining by either toluidine blue, as shown in Figure l D , or by phloroglucinol, not shown) and there is no visible lignified secondary xylem. GRP mRNAs also appear in the primary phloem and in the cambium region, which may be starting to differentiate into the secondary xylem. The lengths of the first and second internodes are about 0.5 cm and 2 cm, respectively, and the diameters are about 1.5 mm and 2.5 mm, respectively; these internodes are elongating and enlarging very rapidly. However, there are no detectable HRGP mRNAs in pith parenchyma cells, indicating that HRGP genes are no longer expressed during elongation of these cells. In the fourth and sixth internodes, cambium cells are dividing rapidly to provide cells that differentiate into secondary xylem and secondary phloem. In these internodes, the HRGP mRNAs are expressed only in cambium cells, and GRPs continue to be expressed in the young, growing primary xylem cells and in the newly differentiated secondary xylem cells, but almost disappear in the mature primary xylem cells (arrows in Figures 1 G and 1 I) . In situ hybridization results further demonstrated that HRGP mRNAs are present in cambium cells, one to two layers of cortex cells adjacent to the primary phloem, and one layer of parenchyma cells around the primary xylem in the young soybean stem (data not shown), and are restricted almost to a single layer of cambium cells of the old soybean stem, as shown in Figure 2 . These results show that there is precise temporal and spatial control of gene expression of HRGPs and GRPs during the development of soybean stems.
The initial objective was to study gene expression of GRPs in soybean. We used a sense RNA probe of GRP as a control. The results showed that there are strong signals in specific tissues that are different from antisense RNA probe hybridization even under high stringency wash conditions (30 min at 7OoC in 0.2 x SSC, 0.1% SDS after normal wash). For example, with a sense RNA probe of GRP, high signals are shown in the cambium region of the soybean fourth internode, as shown in Figure 3A . When we used a sense RNA probe of HRGP, we found the same pattern as GRP mRNA localization (Figure 38 ). The reason for these cross-hybridizations is that the codon of proline is CCX and the codon of glycine is GGX; HRGPs and GRPs contain more than 40% and 60% of proline and glycine, respectively. With strand-specific probes, each can hybridize with complementary mRNA-HRGP or GRP. To circumvent the problem of sense-strand cross-hybridization, we used an RNA probe synthesized from bluescript plasmid vector as a control for all of the probes. This probe showed no nonspecific hybridization (data not shown).
In the young soybean hypocotyl(6 days to 1 O days after germination), there is no visible secondary growth, and the cambium is not circular, as shown in Figure 4A . As in the stem, HRGPs are expressed in the cambium region and also in a few layers of cortex cells surrounding the primary phloem (Figures 48 and 4C ). The GRP expression pattern corresponds completely to the primary xylem development. In Figure 4D there are two areas corresponding to two primary xylem bundles (anatomy not shown), whereas in Figure 4E there are six areas corresponding to six primary xylem bundles ( Figure 4A ). GRPs are also expressed in primary phloem cells ( Figure 4E) .
We have also examined the gene expression pattern of HRGPs and GRPs in the soybean petiole and the soybean seed coat. In the young soybean petiole, as shown in Figure 5A , GRPs are highly expressed in the primary xylem Scale bars equal 300 urn in all sections. Abbreviations: ca, cambium; co, cortex; ep, epidermis; f, primary phloem; p, parenchyma; pp, pith parenchyma; px, primary xylem; sp, secondary phloem; sx, secondary xylem. Figure 5B ), whereas HRGPs are most heavily expressed in the cambium and/or the phloem region ( Figure  5C ). GRP mRNAs are abundant in the soybean seed coat at 25 days after anthesis ( Figure 5D ). The immunolocalization result shows that GRPs are scattered in the seed coat in a pattern corresponding to the vascular tissue of the seed coat ( Figure 5E ). Keller et al. (1989b) reported that GRP1.8 is specifically localized in bean seed coat vascular tissues. HRGP mRNAs are also abundant at this same stage of development (data not shown). This level of mRNA corresponds to the high level of accumulation of HRGP in the seed coat at this stage (Cassab and Varner, 1987) ; the HRGP is mostly deposited in the walls of palisade epidermal cells and hourglass cells (Cassab and Varner, 1987) .
Four HRGP genes have been cloned and characterized in bean; all of them increase in response to wounding and infection (Corbin et al., 1987; Sauer et al., 1990) . Keller et al. (1988) isolated two GRP genes in bean and showed by immunogold localization that GRP1.8 is localized in the protoxylem of the young bean hypocotyl (Keller et al., 1989b) . We examined the gene expression of HRGPs and GRPs in bean during normal development to see whether it shows the same patterns as that in soybean. The results in Figure 6 show that the gene expression of both HRGPs and GRPs is also regulated in a developmental and tissuespecific manner. HRGPs are abundantly expressed in a few layers of cortex cells surrounding the primary phloem in the young bean petiole and stem (Figures 6B and 6H) and almost disappear from cortex cells, but they appear in the cambium region in the older bean petiole and stem (Figures 6E and 6K) . GRP mRNAs are continually present in the primary xylem cells in the petiole (Figures 6C and 6F) and stem (Figures 61 and 6L), but GRP mRNAs are much more abundant in the young stem than in the old stem. GRPs are also expressed in newly formed secondary xylem cells (Figure 61 ). Immunolocalization results show that GRPs are deposited not only in primary xylem walls but also in secondary xylem and primary phloem walls. However, the most abundant accumulation is found in the protoxylem (data not shown).
The complementary sequence of the HRGP probe that we used for tissue print RNA blots contains many repeats of Ser-(Pro) 4 , whereas the sequence of the GRP probe contains many repeats of (Gly-X),,, where X is frequently glycine. We expect that these probes will hybridize to all HRGP mRNAs and GRP mRNAs, respectively, which contain the same repeats. The results in Figure 7 show that there are three major HRGP transcripts, two of which are very abundant ( Figure 7A ). They are all expressed in different stages of the stem except in the first internode, which has only one major transcript. It is interesting to note that all three HRGP transcripts are expressed in the fourth internode ( Figure 7A , lane 4), which shows cambium-specific expression of HRGPs ( Figure 1H ). There are two main GRP transcripts, one of which is more abundant S-sense single-strand RNA probe of HRGP. Scale bar equals 500 ^m. Abbreviations: ca, cambium; px, primary xylem; sx, secondary xylem.
( Figure 7B ). The level of hybridization found on the blot corresponds to that seen on the tissue print RNA blots. soybean tissues. Since they were developed by Cassab and Varner (1987) , tissue print immunoblots have been successfully applied to localize cellular and extracellular proteins (Keller et al., 1988; del Campillo et al., 1990; Reid et al., 1990) . When the fresh-cut tissue is pressed on the CaCI 2 -pretreated nitrocellulose paper, all soluble and saltsoluble proteins are transferred onto the paper. If the wall proteins are cross-linked to each other or with other wall components and thus become insolubilized, they cannot
Immunocytochemical Localization of HRGPs and GRPs in Developing Soybean Tissues
Tissue print RNA blots show that the gene expression of HRGPs and GRPs is developmentally regulated in a tissuespecific manner. To know whether protein accumulation patterns are the same as those for the mRNAs, we have used tissue print immunoblots and traditional immunocytochemistry to localize HRGPs and GRPs in developing be transferred to the paper, and, thus, they cannot be detected by this method. Therefore, tissue print immunoblots provide a unique way to study the insolubilization and developmental regulation of wall proteins in specific tissues.
As seen in Figure 8 , the deposition of HRGPs and GRPs show the same developmental and tissue-specific patterns as their mRNAs. For HRGPs, they appear in the cambial region and the epidermis first ( Figure 8B) , and then disappear from the epidermal region, but continue to be localized in the cambial region and also in a few layers of cortex cells surrounding the primary phloem ( Figure 8E ). After the stem undergoes secondary growth, HRGPs appear mainly in the cambial region ( Figure 8H ), and sometimes also in those parenchyma cells around the primary xylem, around the secondary phloem region, and in the epidermal region, as shown in Figures 8K and 9B . The GRPs appear in the primary xylem and the primary phloem in the young stem ( Figures 8C and 8F ). At this stage, the walls in the primary phloem have not been lignified. The highest accumulation of soluble GRPs in the primary xylem is found in the second internode ( Figure 8F ), which corresponds to the highest level of mRNA accumulation (Figure 1 F) . After the cambium cells are differentiated into the secondary xylem and the secondary phloem, GRPs appear in the secondary xylem region and are gradually insolubilized in the primary xylem and in the primary phloem (Figures 81 and 8L) . GRPs in the secondary xylem are also quickly insolubilized. The control treated with preimmune instead of primary antibody does not show any staining (data not shown).
If a wall protein is quickly insolubilized or if it has already been insolubilized when the tissue is printed, we cannot know completely its distribution in the tissue by the tissue print method. We may also not be totally sure whether the disappearance of the signal is due to the insolubilization or to turnover, and whether the signal is localized in the cell walls. We have employed immunogold cytochemical localization to show HRGPs and GRPs at the cellular level. The results shown in Figure 10 further demonstrate that GRPs are localized mainly in the primary phloem, the primary and secondary xylem cell walls in young stems ( Figure 10A ) and old stems ( Figures 10B and 10C) , and young petioles ( Figure 10H ). HRGPs are localized mainly in cambium cell walls, those parenchyma cell walls around the primary xylem, cortex cell walls around the primary phloem, and also in the secondary phloem and xylem walls ( Figures 10D to 10G) . No detectable HRGP staining was observed in parenchyma cell walls. There was some HRGP staining in epidermis and subepidermis cells in the young petiole ( Figure 10G ), but no staining in epidermis and collenchyma in old stems, which may be due to the fact that either the antibodies could not gain access to the Scale bars equal 200 x ylem; sc, seed coat.
. Abbreviations: ca, cambium; px, primary stained sections HRGP mRNAs GRP mRNAs Scale bars equal 600 ^m. Abbreviations: ca, cambium; co, cortex; px, primary xylem; sx, secondary xylem. (A) The blot was hybridized with strand-specific RNA probe of HRGPs.
(B)
The blot was hybridized with strand-specific RNA probe of GRPs.
HRGPs or the HRGPs were diluted out by growth and could not be detected. The control treated with preimmune instead of primary antibody did not show any staining (data not shown). From the results in Figure 10 , we can also conclude that the disappearance of some of the crossreactivity on tissue prints is due to the insolubilization of proteins in the walls. To understand further the relationship between cell growth and HRGP accumulation, young soybean hypocotyls and roots (2 days after germination) were used. The results shown in Figure 11 indicate that soluble HRGPs are abundant in the hypocotyl apical region and in the root tip region (Figures 11 A, 11E , and 11B), whereas in elongating and mature regions of hypocotyl and root, soluble HRGPs are present in a few layers of cortex cells around vascular bundles (Figures 11 A, 11B, and 11F ). Immunogold cytochemical localizations show that HRGPs are localized in all root cell types, but the highest signal is found in two to three layers of cortex cell walls around vascular bundles and also in protoxylem cell walls, as shown in Figure 12A . GRPs are localized mostly in protoxylem cell walls in the root, showing high tissue-specific expression ( Figure 12B ). The control treated with preimmune instead of primary antibody did not show any staining (data not shown).
DISCUSSION
HRGPs Are Highly Expressed in Meristematic Cells
Cambium cells are special meristems that can continue to divide and increase the diameter of the organs. The results presented here show that HRGP mRNAs are continually present in active cambium cells and that soluble HRGPs are found in root apical regions of soybean. Maximum accumulation of the HRGP mRNA was also found in the root tip of young maize seedlings (Ludevid et al., 1990) . Abnormal wall regeneration in tobacco protoplasts resulted from the secretion of unhydroxylated HRGP (Cooper, 1984) . Taken together, these data indicate that HRGPs are important at an early stage of wall assembly. The primary wall is thought to be an assemblage of fibrous molecules in a gel matrix. It may contain at least three coextensive networks: a pectin network (largely held together by Ca 2 * and phenolic cross-links), a protein network (possibly held together by as yet largely unidentified crosslinks), and a network of cellulose and XG (held together by hydrogen bonds) (Roberts, 1989) . Immunogold localizations show that HRGPs are localized in cambium cells and cannot be detected in pith parenchyma cell walls. After cambium cells are differentiated into secondary xylem and secondary phloem, HRGP mRNAs are no longer found. These results indicate that HRGP synthesis occurs at an early stage of wall assembly and the HRGPs are then diluted out during wall elongation and maturation; thus, a low amount of HRGPs could play an important part in determining the properties of the primary cell wall. Benhamou et al. (1990) demonstrated that HRGPs are only minor components of the walls in healthy tomato root cell walls. One can imagine that HRGPs are synthesized in meristematic cells and gradually secreted into the wall during elongation and maturation. However, tissue prints showed that HRGPs are only soluble in meristematic regions and that they become insoluble in elongating and mature regions. Therefore, HRGPs should already have been secreted into the wall and insolubilized before wall elongation and maturation. Stafstrom and Staehelin (1988) concluded, however, that extensin is not detected either in the walls of any cells in the root tip or in a more mature zone (10 cm from the tip) in which lateral roots are being initiated in young carrot root. Incorporation of extensin, therefore, is a late event in the development of the phloemparenchyma cell walls in carrot (Stafstrom and Staehelin, 1988) . In soybean seed coat, extensin is deposited at a late stage of seed coat development (Cassab and Varner, 1987) . We have found that HRGP mRNAs are present mostly in outer and inner phloem cells in tobacco, tomato, petunia, and potato stems (Z.-H. Ye and J.E. Varner, unpublished results) . This result indicates that the expression patterns of HRGPs differ from one cell type or tissue to another and from one plant to another.
HRGPs and Wall Extension
HRGPs have been proposed to be structural polymers that become fixed in the wall and prevent cell extension (Wilson and Fry, 1986) . Lamport (1963) coined the word "extensin" to refer to HRGPs and their presumed role in cellular extension growth. The results presented here show that HRGPs are relatively abundant in the apical regions of soybean seedling. In the elongating and mature regions, HRGPs that were synthesized in the apical region have already been insolubilized, and no more HRGPs are synthesized except in those few layers of cortex cells surrounding vascular bundles. In maize, HRGPs also accumulate during cell division and not during cell elongation or differentiation (Ludevid et al., 1990) . In soybean stems, HRGP mRNAs are most abundant in cambium cells. All of these results demonstrate that there is no correlation between HRGP synthesis and cessation of wall elongation, and insolubilization of HRGPs in the wall does not prevent cell extension in soybean seedlings. However, another group of cell wall proteins, the PRPs, was found in soybean recently (Hong et al., 1987; Averyhart-Fullard et al., 1988) . The amino acid composition analysis showed that 50% of the prolines of at least one of these PRPs are hydroxylated (Datta et al., 1989) . One of these PRPs is highly expressed in the soybean mature hypocotyl (Hong et al., 1989) . Therefore, the increase of the hydroxyproline-containing proteins in the cell wall during the transition of rapidly elongating tissue into nonelongating mature tissue observed by Cleland and Karlsnes (1967) might be due to the accumulation of PRPs.
Besides the high expression of HRGPs in meristematic cells, it is interesting to note that HRGPs are also highly expressed in those parenchyma cells surrounding the primary xylem, in a few layers of cortex cells surrounding the primary phloem in soybean stem, and also in two to three layers of cortex cells around vascular bundles in soybean root. When the vascular bundles are rapidly growing, they expand in two directions: inward and outward. Perhaps those cells surrounding vascular bundles are under some kind of tension or compression. The transient expression of HRGPs in these cells may be caused by this kind of stress. It is well known that several external stress conditions, including mechanical wounding, ethylene treatment, elicitor treatment, and infection, can induce or increase the expression of HRGPs (Showalter and Varner, 1989) .
GRPs Are Localized in Lignified Cell Walls
Since the first reports of GRP genes in petunia (Condit and Meagher, 1986) and GRP isolation from pumpkin seed coats (Varner and Cassab, 1986) , putative cell wall GRP genes have been characterized in several dicot plants including bean (Keller et al., 1988) and Arabidopsis (de Oliveira et al., 1990) . Keller et al. (1989b) reported that GRP1.8 is expressed exclusively in the protoxylem cell walls of the bean hypocotyl. The promoter element of bean GRP1.8 confers vascular specific expression of the GUS reporter gene in tobacco (Keller et al., 1989a) . Those experiments first demonstrated the tissue-specific localization of the novel GRPs. The results presented here show that GRPs are developmental^ regulated and localized in all lignified cell walls-not only in the primary xylem but also in the secondary xylem and in the primary phloem in soybean stems. GRPs are most heavily expressed in the primary xylem cells in tomato, tobacco, petunia, and potato stems (Z.-H. Ye and J.E. Varner, unpublished results) . RNA gel blot results showed that there are two major GRP mRNAs expressed at different developmental stages of soybean stem. We do not know, however, whether both are expressed in all lignified cells. Two GRPs, both about 50% glycine, were isolated from soybean seed coat cell walls (Z.-H. Ye and J.E. Varner, unpublished results) . GRPs are presumed to form a p-pleated sheet secondary structure according to the amino acid sequences predicted from bean and petunia GRP genes. Considering the possibility of such a secondary structure, GRPs could provide a unique function in cell wall architecture. In the primary phloem, GRPs are deposited before lignification. This may also happen in primary and secondary xylems. Perhaps the GRPs provide a firm and flexible structure for support during wall elongation before lignification occurs. GRPs may also provide nucleation sites for lignification. The fact that gene expression of GRPs occurs during vascular differentiation indicates that GRPs are useful markers for studying these differentiations.
As reported for bean GRP1.8 (Keller et al., 1989b) , GRPs in the soybean stem become insolubilized in the walls. GRPs in the primary xylem are insolubilized much more quickly than those in the primary phloem. We still do not know how these GRPs cross-link with each other and/or with other wall materials.
Three different families of cell wall proteins (Le., HRGPs, GRPs, and PRPs) have been found in the soybean plant. The results presented here show that HRGPs and GRPs are developmentally regulated and show tissue-specific expression. It is conceivable that all the cell wall proteins have tissue-specific localizations and are subject to developmental regulations similar to other cell wall polymers that show dramatic changes during development and in response to environmental changes. By using gene-specific probes and protein-specific antibodies, the distribution and developmental regulation of each HRGP, GRP, or PRP can be determined.
In this paper, we have provided some further examples for the application of the tissue print technique to study the tissue-specific accumulation of proteins and mRNAs. Especially for, mRNA localization, it is demonstrated that the tissue print technique is a quick and convenient way to screen for organ-specific and tissue-specific gene expression in different plants and in different developmental stages at the same time on the same membrane. 
METHODS
Plant Material
Glycine max cv William and Phaseolus vulgaris cv Tendercrop were grown in the greenhouse. The internodes were arbitrarily numbered in order from young (top) to older (bottom). Soybean seeds were germinated in the dark at 22°C for 2 days to 3 days.
Tissue Print lmmunoblots
Tissue print immunoblots were performed as described by Cassab and Varner (1 987) . Pretreat the nitrocellulose paper (Schleicher & Schuell) with 0.2 M CaCI, for 30 min, and air dry. Put six layers of Whatman 1MM paper on a plastic plate. Put one sheet of photocopy paper on the Whatman paper, then lay nitrocellulose paper on it. Use a double-edge razor blade to cut sections 1 mm thick. Gently blot the surface of the section on Kimwipes, if it is to0 juicy, then carefully transfer the section on the paper by forceps. Put four layers of Kimwipes on the section and press the section gently and evenly for 15 sec to 20 sec with a finger. Remove Kimwipes and section carefully by forceps. Keep the section or cut a thin section printed-side-up for anatomical comparison. Stain the sections with toluidine blue for observation of the anatomy. Air dry the paper. For localization of HRGPs, rabbit polyclonal antibodies against soybean seed coat HRGP (Cassab and Varner, 1987) were used (dilution 1:15,000); the antibodies recognize both native and deglycosylated HRGPs of soybean (Cassab and Varner, 1987) . For localization of GRPs, rabbit polyclonal antibodies against bean GRPl.8 fusion protein (a kind gift from Dr. Christopher J. Lamb; Keller et al., 1989b) were used (dilution 1:15,000). The same dilution of rabbit preimmune serum was used for the control. Alkaline phosphatase-conjugated goat anti-rabbit antibody (dilution 1 :20,000; Sigma) was used as the secondary antibody. Nitroblue tetrazolium chloride and 5-bromo-4-chloro-3indoxylphosphate (Promega Biotec) were used as substrates for color development. All pictures were taken under the Zeiss stereomicroscope SV8 with Kodak Technical Pan 241 5 for black and white pictures and with Kodak Ektachrome 160 for color pictures.
Tissue Print RNA Blots
Nylon membranes (Nytran, Schleicher & Schuell; GeneScreen, Du Pont-New England Nuclear Research Products) were used for tissue print RNA blots without pretreatment according to the procedures described by McClure and Guilfoyle (1 989) and Varner et al. (1988) . Tissue prints were performed the same way as described for tissue print. immunoblots. After printing, the membrane was baked for 2 hr at 80OC. The membrane was washed in 0.2 x SSC, 1% SDS for 4 hr at 65OC, prehybridized for 4 hr at 68OC in 2 x SSC, 1% SDS, 5 x Denhardt's reagent, 0.1 mg/mL salmon sperm DNA, 10 mM DTT. Carrot HRGP genomic DNA (pDC5Al; Chen and Varner, 1985) and bean GRPl.8 genomic DNA (a kind gift from Dr. Christopher,J. Lamb; Keller et al., 1988) cloned in bluescript plasmid vector (Stratagene) were used to synthesize 35S-labeled sense and antisense RNA probes by using T7 or T3 RNA polymerase. Hybridization of probes to the membrane was carried out at 68°C for 16 hr. The membrane was washed in 2 x SSC, 0.1% SDS at 42OC three times for 20 min each; 0.2 x SSC, 0.1% SDS at 65OC twice for 30 min each. The membrane was exposed to Kodak Tmax 400 film (Eastman Kodak Company) at room temperature. The pictures were taken under Zeiss stereomicroscope SV8 with Kodak Technical Pan 2415.
In Situ Hybridization
In situ hybridization was performed essentially as described by Cox et al. (1984) . Tissues were fixed and embedded the same ,-.' ,"* Jft^^., Scale bars from (C) to (F) equal 400 /im; those from (A) to (B) equal 2 mm. Abbreviations: co, cortex; ep, epidermis; ha, hypocotyl apical; he, hypocotyl elongating; pp, pith parenchyma; px, protoxylem; ra, root apical.
way as described for immunogold staining. Sections were pretreated with 0.5 ^g/mL proteinase K and 0.1% acetic anhydride. They were hybridized with an RNA probe in 50% formamide, 4 x SSC, 1 x Denhardt's solution, 100 ng/mL yeast tRNA, 10% dextran sulfate, and 10 mM DTT for 16 hr at 50°C. After washing, sections were coated with Kodak NTB2 nuclear emulsion and exposed at 4°C.
RNA Gel Blots
Total RNA was separated on formaldehyde denaturing gels in 1% agarose and blotted onto nylon membrane (Sambrook et al., 1989) . Hybridization and washing were performed as in the tissue print RNA blots.
Immunogold Staining
Plant tissues were fixed in 1 % glutaraldehyde in 10 mM phosphate buffer (pH 7.2) containing 150 mM NaCI for 16 hr at 4°C. After dehydration, the tissues were embedded in paraplast (Monoject Scientific, St. Louis, MO). Sections (10 /urn) were cut with a microtome (American Optical Company, Buffalo, NY) and mounted on gelatin-coated slides. Immunogold/silver staining was performed according to the manufacturer's protocol from Janssen Life Sciences. Primary antibodies against soybean seed coat HRGP and against bean GRP1.8 were diluted to 1:500 and 1:3,000, respectively, and incubated with sections for 2 hr at room temperature. 
